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A. \a'jsHy 
PREFACE 



Mr HE drawings of machine tools given in the following pages are all taken from actual machines constructed at 
t3- the present time by expert engineers and tool makers. 

The objection which is often made by our leading engineers and engineering journals that the drawing exercises, 
given to students in Technical Schools and Colleges, are of old fashioned and out of date machine details cannot there- 
fore be urged in the case of the present volume. 

The various elevations are projected one from the other, as explained in Book I. The object is supposed to stand in 
front of the vertical plane upon which it is projected, and not behind it. 

All the drawings are fully dimensioned, and each detail whilst furnishing a drawing exercise for the student, is an 
example of the best device known for accomplishing the particular purpose for which it is used. The student is enabled 
to make a picture of a really existent machine detail, and also to learn the actual position and use of the detail in the 
machine. If of an inventive turn of mind he may be able to suggest some better device for effecting the same purpose. 

The authors feel sure that the stimulation of the inventive faculty of the young engineer in the school, as well as 
in the workshop, is most desirable ; his education will be sounder and more thorough. The knowledge of the exact 
use of a machine part is the best foundation upon which to build an improvement of it. 

Calculations of the speeds of the driving and feed gears of the various machines are given, and in the Slotting and 
Shaping machines the varying velocities of the tool in the cutting and return strokes are shown graphically. 

The student is also encouraged to make finished coloured drawings. Although this work may not be so important 
as the knowledge of correct construction, and the ability to make a good and accurate drawing, still it will in many cases 
be an incentive to the student to work out and finish in ink the various details. To copy Plates I. and XII. until neat 
and accurate drawings of the various details of the machines have been made, inked in and coloured, would be 
wasting time. 

On behalf of engineering students generally, as well as on their own behalf, the authors hereby tender their 
warmest thanks to the undermentioned Manchester engineering firms, who have kindly furnished particulars from which 
the Plates have been prepared : — Messrs. Smith and Coventry Limited ; Messrs. Hulse and Co. Limited ; Messrs. Jno. 
Hetherington and Sons Limited ; Messrs. P. K. Jackson and Co. Limited. 

THOMAS JONES. 
T. GILBERT JONES. 

Manchester, 

September, 1898. 
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Plate I. Complete drawing of the machine. Coloured. 

„ II. Cast-iron frame and base plate. 

„ III. Details of drill spindle, bevel wheels and feed gear. 

„ IV. Driving pulley and wheels — balance lever for spindle. 

„ V. Details of table and lifting gear. 



PLANING MACHINE, 2ft. x 2ft. x 4ft, STROKE, 

Plate VI. Complete drawing of the machine. 

„ VII. Details of bed, table and driving gear. 

„ VIII. Details of standard, driving pulleys, &c. 

„ IX. Details of reversing gear, &c. 

„ X. Details of cross slide and feed motion for tool box. 

,, XL Details of tool box. 



9in. STROKE SLOTTING MACHINE. 

Plate XII. Complete drawing of the machine. Coloured. 

„ XIII. Detail of cast-iron frame. 

,, XIV. Details of ram, oscillating arm, &c. 

„ XV. Details of driving pulley, wheeels and levers for feed motion. 

„ XVI. Details of table and slides. 

„ XVII. Details of feed motions, ratchet wheels, pawls, &c. 



lOin. STROKE SHAPING MACHINE. 

Plate XVIII. Complete drawing of the machine. 

„ XIX. Details of cast-iron bed and standard. 

„ XX. Details of table and slide ; circular motion mandriL 

,, XXI. Details of carriage, driving wheels and fly wheel. 

„ XXII. Details of tool box, ram, &c. 

„ XXIII. Details of driving pulley, feed motion, &c. 



FORMS OF GEARING. 

Plate XXIV. Worm and worm wheel. 
„ XXV. Double helical spur wheels. 



Plate I.-36" DRILLING MACHINE. 

GENERAL DESCRIPTION. 

fHE drilling machine, of -which drawings are given on Plates I. to V. inclusive, is made by Messrs. Smith and 
^ Coventry Ltd., Manchester, and is capable of drilling holes from ^" to 4" diameter in a piece whose height does 
not exceed 36". 

The counter-shaft for the machine is fitted with two fast and two loose pulleys, which are connected with the main 
driving shaft by open and crossed belts. This arrangement enables the counter-shaft, and therefore the spindle, to be 
reversed when a " tapping " apparatus is used on the machine. 

Motion is transmitted to the machine shaft by means of two equal cone pulleys on the counter and machine 
shafts respectively, and from that to the spindle through the two machine-cut bevel wheels. 

When using drills greater than |" diameter, the wheels on the back shaft are placed in gear with those on the 
machine shaft so that the speed of the latter is less than that of the pulley in the ratio of " product of diameters of 
pinions" to "prodiict of diameters of wheels." With the counter-shaft making 330 revolutions per minute, the speed of 
the drill spindle can be varied from 340 to 21 revolutions per minute — a sufficiently large variation for any ordinary 
work. 

The feed of the drill spindle may be effected automatically or by hand. The upper part of the spindle is reduced 
in diameter to pass through a tubular rack. The worm wheel on the rack pinion shaft is rotated by the worm on the vertical 
feed shaft, which latter receives its motion through a worm and wheel from the horizontal feed shaft connected by cone 
pulleys to the driving shaft. By varying the position of the belt on the feed pulleys, the feed can be varied from 0"01" 
to 0"005" per revolution of spindle, or from 100 to 200 revolutions per inch of feed. 

If, however, a hand feed is desired, the horizontal worm wheel, which is not keyed to the vertical feed shaft, is 
slackened back from the friction plate immediately above it by turning the disc below the hand wheel. The worm wheel 
is then loose on the shaft, to which motion may now be given through the hand wheel. 

For the rapid adjustment of the spindle the vertical worm is thrown out of gear with the wheel — as shown in the 
drawing — and the balance lever moved by the rod fixed at right angles to its length. 

It will be seen that the horizontal table is fixed to the vertical slide by two short bolts, fitting in T slots, and a 
long bolt which acts as a centre when it is necessary to swivel the table round to permit of the drilling of several holes 
in the work without readjustment on the table. The vertical adjustment of the table is effected by worm and pinion and 
rack gearing. 

In order that the machine may run steadily without being bolted down to the floor, the frame is fixed to a base plate 
of U shape having a large bearing area. 

For calculations and more detailed descriptions of the parts, see the notes to Plates III., IV., and V. 



Plate II. 
MACHINE FRAME. 



The frame is a single casting of f " metal, except at those parts which are to act as supports for shafts, &c. Its base 
is planed and secured to the base plate by four |" set screws. 

The vertical surface over which the table slide moves consists of two planed strips, each 2|" wide, and bevelled at 
the outer edge to an angle of 50°. Into a recess midway between them the table rack is fixed by two J" set screws. 
(See Plate V. for horizontal section of frame showing the rack.) 

The two portions, through which the vertical spindle passes, are bored out, one to receive the tubular rack, and the 
other the cast-iron bush for the larger bevel wheel. The former is also bored horizontally to receive the rack pinion. 

The driving shaft is supported at its outer end by the large curved arm, and at the other end by a vertical bar near 
the spindle bossed out to afford sufficient bearing area. 

On the frame projections or arms are oast for the supporting of the back shaft, the vertical feed shaft and the 
balance lever link, and also the horizontal feed and rack pinion shafts. 



Plate III.— 36" DRILLING MACHINE. 



DRILL SPINDLE. 

^'IGS. 1, 3, and 4 show the details of the mild steel spindle E- At its lower 
,v shanks which carry the drills of various sizes ; the upper portion is turned down 
^-^ the cast-iron tubular rack T R, which is used to give the vertical motion to 
resultmg from the process of driUing is received by four hard steel thrust washers (Fig. 
rack and the shoulder on the spindle. Lubrication to the washers is effected through a 
of the spindle. (See Plate IV. for details of top of spindle). 

In order that the spindle may have both vertical and rotary motions, two key-ways are cut in it to receive the keys 
which are fixed in the boss of the wheel Wi. 

CUTTING SPEED OF DRILL- 
The circumferential velocity of the drill when cutting wrought-iron and cast-iron should be about 220 inches and 
175 inches per minute respectively. The cutting speed for cast-iron is 20 per cent less than that for wrought-iron. 



end is a taper hole to receive the 
to 11" diameter to pass through 
the spindle. The axial pressure 
3) placed between the end of the 
J" oil hole passing from the top 



CUTTING SPEEDS FOR WROUGHT-IRON. 
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If 



Then 
Or, 



d = diameter of drill in inches, 
n = revolutions of drill per minute, 
s = cutting speed in inches, 
s 

revolutions per minute 



constant 



diameter of drill. 
220 



For wrought-iron - constant = ^^^ = 70. 
For cast-iron - constant = 55. 

By means of the above expression, the accompanying 
table of speeds for various sizes of drills is calculated. 
BEVEL WHEELS Wi W^. 
These are used to transmit the motion from the horizontal 
shaft D S to the vertical spindle F S. In the transmission 
the speed is reduced in the ratio of 17 to 30. The wheel Wi, 
through which the spindle passes, has a long conical boss turning in a cast-iron bush, and is held endways by the plate 

fixed to the end of the boss. ^^, „^ . „ 

FEED GEAR. 



of the drill is taken from the driving shaft D S by means of the small cone 
and wheel W,, the worm s= and wheel W,, the rack pinion Ws and the 



The motion for the automatic feed 
pulleys Pa, p., (Plate IV-), the worm S 
connecting shafts F S and Fi S. 

The vertical feed shaft FiS has keyed to it the worm Sj, the friction plate F P and the hand wheel H2 W- The 
hand wheel has a very small motion along the shaft, so that when the small disc below is turned, the worm wheel w,, 
which is loose on the shaft, is jammed against F P, and its rotary motion is transmitted to the shaft. The hand feed is 
effected by turning the hand wheel H2 W when the friction plate and worm wheel are apart. 

When the drill is to be moved rapidly to or from the work, the worm S2 is taken out of gear with the wheel by an 
eccentric motion. The shaft Fi S passes eccentrically through the cast-iron sleeve F, and when the latter is turned 
through 180°, by moving the handle H to the right, the f" outward motion of the shaft is sufficient to move the worm 
out of gear with the wheeL 

It will be seen from Fig. 4 that the rack pinion Ws and its shaft are in one piece, and that one end of the shaft is 



enlarged to fit the recess made to receive the pinion. 



CALCULATION OF FEED. 







To determine the maximum feed per revolution of spindle. 

30 

For 1 revo. of spindle the driving shaft DS makes — - revolutions. 



shaft FS 



30 I _ 
_x-..= ,revos. 




FiS 



■ 20 X 35 



„ wheel W5 

of circumference of pitch 

1 12 5_ 

20x35^ 1 ^8 



1 

50^ 
1 



2 
'20 



20 ^ "35 



circle of rack pinion = feed 



= 0'0106". 



Or, 100 revolutions of spindle per inch of feed. 

Again, minimum feed = "0106 x — — — , _ .0053" 

8^ X 8i 

Or 200 revolutions per inch of feed. 

The intermediate feed corresponds to 140 revolutions per inch of feed. 

The feed for cast-iron may be greater than that for wrought-iron. 



Plate IV. -36" DRILLING MACHINE. 



fCONE PULLEY AND DRIVING WHEELS. 
HE power for the driving of the machine is taken from a counter-shaft by means of two equal cone pulleys placed 
respectively on the counter-shaft and driving-shaft D S of the machine. In order that a tapping apparatus may be 
used, the counter-shaft carries two pairs of fast and loose pulleys, by which arrangement a reversal of motion may 
be effected for the withdrawal of the tap from the hole. 

The cone pulley P and the pinion B run loose on the shaft, and the wheel A is keyed to it. The back shaft B S, 
which carries the pinion D and wheel C, is supported by two horizontal arms projecting from the side of the frame, and 
has sufficient end motion to enable the wheels to be put in or out of gear with those on the pulley shaft. To hold the 
back shaft in either of the two required positions a pin passes through one of the arms, and fits against a semi-oircular 
groove on the shaft. The wheels D and C, when not used to reduce the speed, are moved to the lift, as shown in the 
drawing ; and the pulley p is fixed to the wheel A by moving outwards a short bolt, carried by the latter, so that its 
, head fits into a recess on the pulley face. 

The pinion b is fixed to the pulley by two f " cylindrical keys, as shown. 

On the driving shaft, outside the supporting bracket, is keyed the first feed cone pulley Po, which is directly above 
an equal one P3, carried by the horizontal feed shaft F S. 

SPEED OF SPINDLE- 

The accompanying diagram shows the general 
arrangement of the wheels and pulleys for effecting 
the rotation of the drill spindle. 

For clearness the back shaft is shown in the same 



vertical plane as the driving-shaft and drill spindle. 

The counter-shaft makes 330 revolutions per 
minute : it is required to determine the speed of the 
spindle for all positions of the belt, with and without 
back gearing. 

Note. — Revolutions of spindle = revolutions of 




D S X 



w, 



IsT.-W I T H O U T 

(a) Maximum speed 



BACK GEARING. 



— X — = 340 revolutions per minute. 

5^ 30 ^ 



(6) 1st intermediate speed = 

(c) 2nd „ „ 

(d) Minimum „ = 

2ND.-W I T H 



300 



iLli X LT = 227 



330 x_7 

330 X 5^ 
10 



30 
17 
30 



154 



30 



The speed is reduced in the ratio of 1 to ^ TtL"" 



BACK GEARING. 

28 X 17 ,1 



54 X 43 J 

(a) Maximum speed = 340 x k =, 69-7 revolutions per minute. 

(6) 1st intermediate speed = 227 x k = 46'5 „ „ „ 

(c) 2nd „ „ = 154 x k = 31-5 „ „ „ 

(d) Minimum „ = 102'8 x k = 21 „ 

BALANCING LEVER AND WEIGHT FOR SPINDLE. 

In order that the spindle may be easily and rapidly moved to and from the work, its top is fitted with a cast-iron 
collar to which the wrought-iron forked balance lever b L is attached. Hardened steel washers are placed between the 
collar and the circular nuts to receive the rubbing resulting from the collar not rotating with the spindle. 

Where the lever is shaped for attachment to the supporting link L a rod H= is fixed at right angles to b L, by 
means of which the spindle is adjusted for height. 

The balance weight weighs about TOlbs. 
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Plate Vl.-PLANING MACHINE. 



VT'^ENERAL DESCRIPTION.— The planing machine, of which details are given on Plates VIE. to XI. inclusive, is 
1^1 made by Messrs Hulse and Co., Limited, Manchester, and is capable of planing pieces, whose dimensions do not 
exceed 2ft. in height and width, and 4ft. in length, at the rate of about three cutting strokes of maximum length 
per minute. 

The power required to drive it when working with full load is about 2 H.P. 

The bed H is carried on three supports G, and is provided with two parallel V grooves along which the table K 
moves, actuated by rack and pinion. 

To receive the clamping bolts used in holding down the work to be planed, there are T grooves 4ft. long on 
the top of the table. 

The gearing consists of the wheels A, B, C, D, E and the rack pinion F, and is so arranged that the return or 

non-cutting stroke is performed in — — - of the time required for the cutting stroke. 

2'7t 

When the belt is on the pulley Pg the table moves forward, motion being transmitted to the rack pinion through 
two pairs of wheels, viz., B, C and D, E; and when oa Pi it returns quickly, since then only the two wheels A, E are 
used in the transmission. With the driving pulley making 112 revolutions per minute the velocities of the table during 
cutting and returning are 17'7ft. and 49ft. per minute respectively. 

To stop the machine the belt is moved on to the loose pulley Pj. 

The vertical standards Si, So, bolted to the bed and stayed by the tube Q, are required to carry the cross slide C S 
which lies across their front edges. For the vertical adjustment of this slide there are fixed to its two flanges nuts for 
the vertical screws which hang from the top brackets U and are connected with the horizontal shaft H S by bevel wheels 
Bi, B2. The shaft is actuated by hand, and according to its direction of motion the slide rises or falls. 

The pulley bracket N carries the pulley shaft and strap fork tackle O, and is bolted to the standard Si. The strap 
fork bar is connected by the reversing rod R with the arm R A on the vertical rooking shaft, which, at the end of each 
stroke, receives an angular motion of 47° from the tumbler shaft. On one edge of the table there are two catches, so 
adjusted, that before and after the cut one of them engages with the tumbler, carried by the standard 82, and moves it 
through an angle of 47° in one or the other direction. At the end of the forward stroke the result of this motion is the 
displacement of the belt from the pulley Pg across P2 to Pi. This same motion of the tumbler may be used to give the 
horizontal feed to the tool box T 8 along the slide, and the vertical oblique feed to the tool. 

7" 1" 

By a very ingenious device the automatic horizontal feed may be varied from. ^ *" ^ 

For calculations and more detailed descriptions see the notes to Plates VII. to XI. inclusive. 
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PLANING MACHINE. 2' 0"x2' 0"x4' 0" STROKE. 



PLATE Vl. 
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PLA.TE Yll.—Conlinued. 



To determine the number of maximum cutling strokes per wimwic— assuming the velocity of the table to be 
constant throughout the stroke, i.e., neglecting the slipping of the belt due to the inertia of the table. 

The time occupied in the traversing of 4ft. at a velocity of 17-7ft per minute is |^ of the time 't' minutes for a 



2-77 
jccupiea m tne traversmg of 41t. at a velocity of lV7ft per mmute is 

double stroke. 

,JL X |2l= t =0'308 min. - = number of cutting strokes per min. =-:^^ 



Assuming the driving belt to be 2|" wide, its power, as given by the formula below, is 2\ H.P. 

H.P. = -006 DWR (See notes to Plate XVIL, Book I.) 
where D = diameter of pulley in feet. 

R = revolutions of pulley per minute. 
W = width of belt in inches. 

The maximum resistance R to cutting which the machine can overcome, when the eificienoy ^ of the mechanism is 

known, is determined as follows : — 

' 4 

R (lbs.) X stroke (ft.) = HP x ^ x 33,000 x time of stroke .-. R x 4 = 2^ x ^ x 33,000 x -^^ 

Of the efficiency of machine tools little is known, but mention may be made of a note in " Engineering," for June 
3rd, 1898, wherein is given the horse-power required to run, when empty and with full load, the various machines 
used in the Baldwin Locomotive Works. The power admitted of very easy measurement since the machines were 
electrically driven. For a 36" planer the horse powers required to run it empty and with full load, were 3-4 and ir3 
respectively. Assuming the wasteful resistances to be independent of the load on the machine the efficiency 
1 1 -3 - 3-4 ^ Q.^ j^ ^j^g g^^^^g example taking ^ = 07, then R = 2,940 lbs. 
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Plate VIII.-PLANING MACHINE. 



Standard and driving pulleys.— Figs, l, 2 and 3 show the details of the standard Sj. It is of box 

^J section, ^" metal, and fixed to the side of the bed by four f " screws. To relieve these screws from all vertical 
'^ shearing strain there are cast with the planed face two horizontal ' lips,' one of which rests on the top edge of 
the facing J along its whole length, and the other, made up of two short lengths, each b\" long, admits of the 
use of two keys under the same strip to tighten vertically the connection. (See Plate IX, for additional dimensions, 
larger section and elevation of this part of the standard.) 

On the front of Si is a vertical planed face, 6J" wide, over which the cross slide C S moves for the vertical adjust- 
ment of the tool box. 

The screws VS, one in each standard, supporting the cross slide, are suspended from the brackets V secured to the 
standards as shown in Fig 4 of this and the following plate. They are connected with the horizontal shaft H S by 
bevel wheels Bi, Bg, so that its rotation by hand raises or lowers the cross slide — 9 revolutions being required to raise it 
one inch. 

The pulley bracket N, fixed to the standard, carries one end of the pulley shaft, and also the strap fork tackle O. It 
is of r section, J" thick. On the shaft are three pulleys Pj, Pj, Pg ; P3 is keyed to it and Pi, P, run loose, the former 
being connected by a long sleeve to the pinion A. 

The slide bar, to which the strap fork is fixed (see Fig. 5), moves through two blocks cast with the bracket, and is 
actuated either backwards or forwards at the end of every stroke of the table by the reversing rod R, which passes through 
the standards and bed to the other side where it is connected with the reversing arm R A. 

P3, Pi are the driving pulleys for the cutting and return strokes respectively, and with the belt on either the other 
rotates idly. During the cutting stroke, when the driving pulley P3 is making 112 revolutions per minute, Pi makes 40"4 
revolutions; while with Pj driving, Pg makes 310'5 revolutions per minute. 

The hollow oast-iron stay Q, serving to stiffen the two standards, is held in position by a |" screwed rod and nuts. 
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Plate IX.— PLA.NING MA.CHINE. 



EVERSINQ GEAR. — Of the standard So only those details in which it differs from the other standard Si are 
shown here. 

Passing through it, on a level with the top of the bed, is the tumbler shaft, which carries at one end the tumbler T 
and at the other one of a pair of mitre wheels Md M2, used in transmitting the intermittent motion of the tumbler to 
the vertical rocking shaft F Sj. It will be seen that this shaft is supported at the top by a horizontal arm cast with the 
top bracket U, and below by another one on the standard immediately above the reversing arm R A. 

The two catches Ri, Ro (Fig. 5), are so adjusted on the side of the table that when the cut is finished the latter R„ 
presses against the shorter arm of the tumbler, when in the position indicated in dotted lines, and moves it through an 
angle of 47° before passing over. Although towards the end of the contact the driving belt is not on the pulley P3, the 
momentum of the table and its load is sufficient to effect completely the reversal of motion by moving the belt over the 
loose pulley Pj to p,. 

The position of the tumbler shown in full lines in the drawing is that during the return stroke, and corresponds 
with the given position of the reversing arm. 

Near the end of the quick return stroke the catch Ri presses against the longer arm of T and moves it through an 
equal augle but in the opposite direction. 

In order that the catches may always act upon the right arms, they are made of unequal thicknesses, and the arms 
placed in parallel planes. It will be noticed that the under-side of Ri is recessed to permit it to pass over 
the shorter arm. 

Since mitre wheels are used to connect the tumbler and vertical shafts, their angular motions are equal, and the 
length of the arm R A must be determined so that an angular displacement of 47° produces a motion of 6" of 
the strap fork. 

The vertical shaft is so connected with the cross slide that its motion serves to effect both the horizontal and 
vertical feeds of the tool. 

The handle above the mitre wheels is used for starting and stopping the machine. 

The tumbler shaft, the horizontal and vertical shafts, and the vertical screws are made of mild steel ; the tumbler, 
catches, reversing arm and rod, of vvrought-iron. 
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PLATE IX 



DETAILS OF REVERSING GEAR. 




Plate X— PLANING MACHINE. 



00 ROSS SLIDE. — The cast-iron cross slide CS is held horizontally against the vertical fronts of the standards by 
s\^ four blocks, two secured to each flange of the slide by |" screws, so that they are compelled to move along the 1^" 
slots in the standards. The two upper blocks form nuts for the vertical screws V S which support the slide ; the 
screws, by their equal and simultaneous rotations, raise or lower the ends of the slide equal distances, and thus keep it 
horizontal. 

It has been observed before that these screws are connected by bevel wheels to the horizontal shaft H S. The plain 
holes in the lower blocks enable the adjusting screws to pass through them when the slide is in a high position. 

The front of the slide, over which the tool box moves, consists of two planed strips, the outer edge of the top one 
being square and that of the lower one bevelled to an angle of 45°. 

At the ends are supported the left-hand screw F S2 — for the horizontal traverse of the tool box — and the shaft F S3, 
which is required to transmit the motion of the clutch Kj on its end to the vertical feed screw of the tool box. 

During the cutting stroke the slide is a beam fixed at the two ends with the weight or force due to the pressure on 
the tool acting at some intermediate part ; to render it unyielding the portion between the standards is stiffened by 
means of a curved back of box section, as shown in the plan. 

FEED MOTION FOR TOOL BOX.— Fixed to the back of the cross slide is a bracket carrying a pair of 
mitre wheels IVI3, M4, by means of which the motion of the vertical shaft is transmitted to the large ratchet wheel Wi- 
The wheel IVI3 carries a feather key which slides in a J" key-way in the shaft, and M4 turns freely on a stud formed with 
the bracket. The boss of the wheel M3 passes through the bracket, and is held in position by a collar screwed on its end. 
On the back of the other wheel the pawl lever is fixed by three J" screws with counter-sunk heads, and the pawl carried 
by it engages with the teeth on the ratchet wheel Wi, which is free to turn on the boss of the mitre wheel. 

The cover-plate C P is secured to the stud by a ^" set screw, and may be adj usted to cover up completely or partially 
the teeth traversed by the pawl. 

Turning freely on the ends of the horizontal screw F So and shaft F S3, and in gear with each other, are the pinions W3, Wo 
respectively, the latter also gearing with the ratchet wheel. On the face of each of these wheels are three curved 
projections, which may be placed in corresponding recesses in the clutch, and thus the motion of the wheel be transmitted 
to the shaft or screw. 

The angular motion (47°) of the pawl lever is constant, so in order to obtain a variable feed gear the cover plate is 
adjusted to keep the pawl from the teeth during a portion of its travel. When the cover plate is not used the wheel is 
moved through a distance of 7 teeth (||^ x ^y" = 7f teeth) and this rotation corresponds to ^ a |^ = ^Tj-tli of a revolution 
of each of the wheels W2, W3. Hence, when the clutch Kj is in gear with W3 the tool box moves through [^ x pitch of 
screw = -^ X ^] /^" at the end of the return stroke. This is the maximum horizontal feed. 

With the clutch Kj engaging with the wheel W2 the corresponding vertical feed of the tool is ^ of i" = ■^^". 

When the cover plate is adjusted to cover up 1, 2, 3, 4, 5, 6 teeth, the horizontal feeds are [/^", /^", ^", ^", 

2 " 1 "1 1 " 1 " 11/ 1 If Iff 1 " rOHnpr'f'ivpIv 

TTT ) FTT J TTT ' T2 ' TT > 517 > str ) TO respectively. 

The vertical feed is less than the horizontal feed in the ratio of 3 to 4, since the screws for the respective feeds are 
of ^" and j" pitches. 

During the return stroke the pawl lever is in the position indicated in Fig. 2, and od the reversal of motion it moves 
forward and feeds the tool if either of the clutches is in gear with its wheel. 

At the end of the cutting stroke the pawl slips over the teeth and rim of cover plate to be in readiness for feeding 
on the next stroke. 

The enlarged section of the pawl is given In Fig. 6. , 
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Plate XI.— PLANING MACHINE. 



ETAILS OF TOOL BOX. — The tool box is so constructed that the tool can be fed in any direction, viz., 
horizontally, vertically or obliquely, and also vertically when the tool is at any angle. It consists of three slides 
Yi, Ya, Ys and the plate Vi, the last carrying the tool holder plate V2. 

The first slide Yi is placed against the front of the cross slide, and is so shaped that it passes over the top edge of 
the cross slide and is separated from it by a steel strip of L section which moves with Yi and so receives the vertical wear. 
By adjusting the vertical and horizontal set screws against it, the slide is held against the vertical face and the bottom 
bevelled edge respectively of the cross slide. This same slide carries the brass nut for the horizontal . feed screw F S,, 
and also the double mitre wheel Me, which, together with wheels M5, M?, serves to connect the shaft FS3, with the 
vertical screw X of the slide Y2. 

The T groove in Yi being circular the bolts holding the slide Ys against it can be moved round, and so the tool 
placed in any inclined position for planing bevelled edges. Movable along the second slide by the nut and vertical screw 
is the slide Ys, whose automatic motion is effected in the manner indicated in Fig. 2. Keyed to the lower end of the 
screw is a wrought-iron mitre wheel IVI7 in gear with the double wheel Me, whose motion is received from a third wheel 
Mb carried by Yi, and sliding along and rotating with the horizontal shaft F S3. 

When the slide Y2 is turned into an inclined position, M? simply rolls round Me, for the latter is fixed in the plate 
at the centre of the groove. 

The two parts of the double wheel pass over a pin fitted with a feather key, and are held together by the f " screw, 
whose head presses against the face of the right-hand piece. 

The plate Vj, whose inclination relative to the slide carrying it, is limited by the curved slot in it, is provided with 
two parallel projections, which afford support for the bolt of the tool-holder plate Vo, and serve to prevent any side 
motion of it. The two steel tool-holders T H are so attached to the plate that their set screws, when tightened up, both 
clamp the tool in the holders and the latter in the plate. 

To prevent the grinding of the tool on the work during the return stroke, the plate V2 is hinged so that it may lift 
slightly. There is, sometimes, fitted on larger machines an automatic arrangement for lifting the tool clear of the work 
during the non-cutting stroke. 

Hand feed in all directions may be given to the tool. 



2 H T3 l>i. 



z 

X 

o 

< 







M 

CO 

o 







CO 



^.2 






X W 0= 
tlD O <D ^ S 

►^ -S -s ° i 






,o . 

a 

o P^ 

S "^ 

a ° 



gse 



O) 

g 

*E 

'So 



X 

+^ 
CO 

r— ( 



•73 O "Tlj CD 

<o Eh fl rd 



a. a 

o <^ 

-- a 
-a f^ 

t-^ 
^ g 

O 

a 

HJ O 

1 s 

a o-^ 

O 'T^ 

M.S ^ 

.a <d;S 

03 S O 
o -" pJd 

fl CD 



c3 rt CD 



o <^ o 
^ o c 

cfl P , 



2 03 -IJ 

a a 3 
*^:§ 

Eh o"^ 



OQ 



<D 
tlE 

03 
W 

to 

o3 
& 

S 



03 2 ° 



g-r; 

CD £ 

5 -^ 



? T3 

a^ M ■* 

- ■'-' o 

CD -1-' 

c3 CD ,^ l-H 
a> 'S CD 

-I ° !:^" 

^^ -s ■S * 

CD 2 r~ 

O -t^ ,o 

■J a 



(D "^ 



l. 



o 



o3 






^ 



CD 



, 

QD OQ 

-lT'^ o 

rS3 'rS CD 

m "« T3 

•S +3 2 

.£ =» a 

'« 3 « 

s « » 



CD 



.S =^ +2 P<,^ 

-a ^3 o.a 



u cn 

g fl 

pH CD 



+3 ® -p 

CO ^ ^ 



o 



,J3 

g 



o 



^iL 



5 § SdS 



D3 +? OS ^ 

132 CD 03 02 



O J-- TO ^TP 

? -;5 in rt 

* CQ "S 

g ^ " P 



»-4 o3 

"^ O 

'^ rr-l 

.rH T3 

CO o) 



i 

o 









03 



o 

CC] 
ID 



a ° -S'^ 
:S .a '^ s 

CD fl !« S 

-a p ti > 

o3 ~ CD 
fl 03 += 



CD 






^ 

s 



-^ -t^ 






CO © Jh 

^ a-3 

,00 

-*^ -+3 te 

•^ PjC4-( 

g O 

-P S Ph 

g.ga 

^ IZ! CD 



c3 

a 



£1 .S " 



t3 

p 
p 



OM 



c3 j3 
.T3 i3 o 



oo 

P 

o 

'oQ 

CD A< 

SCD 
— E; 

r^ '-+3 
r-H (D 

a P- 

5 C» 

O (D 
■■§ "^ 

03 ><^ 



CD e jj 

a-s| 

P o 

O .^ CD 

r^ - S 

4^ O) C» 
OS •(-• &. 



CD 



f=H 



1^ 



a s 

o3 n o 
III 



o 
z 

O 
J 
CO 



X 

CD 
CO 



rP rP- 

.2 CD 

,-p m 

^ 03 



-is 



M P 
P •" 

'S == 
P CD 

O O 

S p" 

n. CD 



p PI 



,p tr' CD S 

4J >■ -P .S 

O ><^ CO '^ 

" -^ p 



o 



^ r-( UH 02 

Eh l-H ^ CD 

I l-H O 

Z ""^ S 

^^ §- 

g « I - 

O OJ P 



co.E; 



> p, 



UJ 

Q 



Mo 8 

C!3 -^ p 

m g a a 



o 



H o3 CD oT 

§ g'.a p 
o o a '5 

O h " P 

CD -^^ 2 ^ 

^ Ph CD 

^ CD Ph 

P cfi 

P 'P P 02 

o-g .2 =5 
o, ^ -S .2 
2 P ^ -^ 

-^ £ ° 

^ ^^ '^ 

CD O O r*i 
^ ^ l-H O 



/2 

P 



^ 



Ph 
CD 

+3 

02 ' I—] 
02 "—J 
<D <IJ 






2 -M 
§.2 
-Ph^ 



a h 



2csp 22*»^'=i'o 

-H+^ PH-^3+^ g p 02 

°5:,^°'"2a 

tgcDflpS^-Po 
■— I --H S '« CD OJ +3 

O n " >< Sj P ivi 

tH5„cqcD^Qo 
g -J -2 ^ -^ q i -2 

CD 



.2 -<H 



o ^ jn 
,2 -S^ ■« - 

0> "? ni 

§ o^ S'^ 

^^ °£ 2 
o s CD "a rP 

rcj Ph+= m 



at^.'E^s 

CO -lS^"^ 'tH rti 



O 

Ph 



+3 O 

CD 



2 +3 

;^ --Q r— H 
-4J ^ © O 03 

^ l> C4H O 

£ cSnd °-'^ 

Ph -P ° 03 ;3 

fl PhI^ 

,-p o ca is 

^tH .^ o 

03 d CD O 

,d -P Jl a 
"m Phh3 oS 



.^a 2 



HJ 03 (rf 

^.a^^g-g^-^ 

"^ - ^ O CD p _M 



„ O 

sb-s -*^ a 

r^^^ 2 

S CD '3 'S 

'd bc^ P-.-- u 

a u b-' ■^ 2 ^ -f^, ^ 



p-^ 2 

o « "^ , 
ca Ph iC S 

2 oo.a-^ 

•-H .rH .^3 ^ 
rd -y -*3 

-p ^ p m 

O 



03 



> O O 



1^ 



w 'd 

,2 § rb'-g £ O 

8'^^ -g a 
- =3 .a ^ " a 



o M 
^ p 

'^'^ 
U g 

CD's 

s >^ 

02 O 

O 
02 r—j 
-p CD 

■-H >. ^-v 

'" d a 

O P O 

P '-+3 

.3 aj 

:2 So 
aa § 

■» 2 g 

->3 60>- 

(S p h-j 

^■aX 

.■a P CD 
^ O ^H 03 



^% 



o 

<D CD 



CD 



' HJ o3 ID H p -P 



o ■£ >, S Pi's 2 



rd 

.2'd 



bD a 
a g 



B p 



-S +5 d 

^ S O ■H rl 

o 5 --e -S -F! 



-P ID , 

o-g a 

p •" 

CD •" 13 

fH — ^ CD 



■^=2 "^ a s 



p ^ a 2 2 2 a i-s 

a 02 6n:S-t= 2 g=g ^^ 



-d a 



•^ P "H ■^ * 
2 _ 8 d .2 " 

H 03 



ID 13 
Ph d 



d 






bfi 
P 
'to 

o3 
CD 
1 ^ 

H 13 

&B 

P 
■p 



CD ^ 

;^ ID 02 

P Ph ID 

a ^-s 

S CD CD 

a & s 

03 DQ ^^ 



a 



-P ■S 

f-H - 
O 
O 

-p 

CD 



CD 

,d 
^1 

03 

2 jd 

:.g 
:^ 

ac (D 
"S ja 
rd -^ 

-d 2 

CD ^ 

p .a 

--T3-P 
13 o 

03 ID 

d 
p 
o 



03 



•s X CH ^ 

a .& s i§ p i> o s 

h ca 13 oS ,P 02 o 



* 



•■S "S -g ^ 

O PnOrd 

::^° M2 
1 <" -a -3 

o3 ri (U ^ 

"O P 02 O 

2 0—3, 
g rf CD 

a P >^ ^ 

^.a^ a 

c3 " o P 

i.al* 

||03.S 

2 43 S-Jd 
"^ 2"* <» 

rd P ^ 



•a a 
a - 



rd C^ 

rS* 

o<C- 
i3 00 

02 I-H 



»J rH 
13 CD 

d > 



S 2 

CD 

rd P 

CD 

rM 



: .2 -g 13 Sic 



irSSg* 



P OJ 
p" 03 

03 ., ,— I p -a 

CD -P -^ 
+J 03 " 



:=5 ,cD □ 5 

rP ^^ 'P O 

-p u 
,-, ?; c3 o 

O rP Sh „ 
GO , S2 '^ 

^rt ^ rd 

03 ^ ■S'S 



a 



a 



^ w ». i« 
" ^ S n, _r O rfi 

(-1 ® r-H .rH jj 



5 be ID a I 's 



p -d 



p 

03 -T^ _ __ 

o © § '^ ■♦^ 



<D ^ QJ 03 , 



5d5' 



<D w w cu ^ 

^ -P te -P P 

Ph CD 02 .-S 1 

" rd .-e a « 



Sr-H O-^ 

_ cS += 

t. CO 2 
CO g rd ■*! S 

^<g -P S-jrW 



P rd 

iS m 

g-t3 a 

- u 
o 



a' 



Ph 03 p O . 
PhJ2 ^ ^h (D 

=1 _- £ S-d 
^ .2 >.13 ■" 

o s s a 'S 
3 g a =s g 

^ IS -P ^CD 

,2 rd " P ^ 
-S .-S "S '3 'i 
5 ^-^^ § 

^H i3 - 3 CO 

_3 CD g 03 ^ 

r-H ^j CK +j ':P 
P O *. 

o d CD 2 P 
•3 is S :S :: 

C3§«'st 

^ O 02 op 

H ° g s .a 

p ^ 15! 5 

o3 -p (^ OS 



o3 



O I — 1 
Sh 02 - 

bD bD 
13 d _. o3 

c=3 B^-M _ 



bJD-d ^ 
P^^ 



CD 



CO ' 



a CD >»iS 



-2"5rd 



rQ 

02 03 
O rt 

o 
■43 



CO -H S 03 



p ^ g 
13 02 

f=^ 2 rrt 

d B'S 



CO 

CO d 



>>S' 



10 



f^a 03 13 '3 -s 

03 -P ^ .2 2 o 
£ -p -H rd § 

■S .2.-S -g g ° 2 J 

«" PhCC ■" r^ g^S rd 



S CSr^'^ 

hod 

^ HH O 13 



«3 



d 

jH CS O 



a^ 






Plate XIV-SLOTTING MACHINE. 



iSpHE several views, Figs 1 to 5, show the details of the slotting ram N and the means by which it is moved up and 
) 1\ down, so that the return stroke may be performed in less time than the cutting stroke. 

^'^' On one end of the driving shaft D S is fixed a cast-iron disc D P, which turns in a recess in the side projection near 
the front of the frame (See Fig. 3). The driving pin p is fixed on the face of this disc by two bolts fitting in T slots to 
admit of its adjustment from the centre of the shaft to give the required stroke of tool. To take up the wear of the 
driving plate the pad B is pressed against its edge by means of a screw. 

The driving pin carries a rectangular oast-iron block which, sliding in the slot of the arm S A, gives it a vibratory 
motion. When the pin is in its extreme outward position, i.e., 2J" from the centre of the shaft, the vertical motion of 
the free end of the arm is 9" — the maximum stroke of the tool. This motion is transmitted to the ram through the cast- 
iron connecting rod K, wliose upper end is attached to a prolongation of the nut for the vertical adjusting screw Si- 

The form of the top of the frame, to admit of the motion of the connecting rod, may be clearly seen from the side 
elevation and plan. 

The ram is a long hollow casting with a planed face, which slides against the vertical face of the frame, and is held 
in position by an adjustable bevelled strip. Its upper part is slotted to receive screw Si and admit of the motion of the 
nut when the ram is being adjusted for height. 

The two wrought-iron tool holders H are held in horizontal slots formed in the enlarged end. 

RATIO OF TIMES OF CUTTING AND RETURNING. (See accompanying diagram.) 

Let be the centre of the driving plate, p the driving pin, and a the centre of oscillation of the arm. When p 

describes the circle of radius op the arm ab vibrates through the angle 6i ab.^ — the vertical distance between ftj and 

i, being the stroke of the tool. In the diagram pi p^ represents 9". 

When p is at /j, the point of contact of a b^ with the circle, the tool is in its highest position, and with the given 
direction of rotation the shaft turns through the angle t^ o 4 ( = 2a) before the down stroke ends. For the angle of 
rotation i^ o <i ( = 2/3) the arm moves from its lowest to its highest position. So, the angles described by the shaft 

and driving plate during the cutting and return strokes are 
2a and 2/2 respectively, and assuming that the shaft rotates 
uniformly, the times of cutting and returning are propor- 
tional to a and /G respectively. 

Time of cutting a 
Time of return /3 
The value of this ratio for any stroke from 9" to 3" is 
given in the accompanying table. 

p ,j_ Throw of pin _ ^ stroke 
oa ab 

The value of ;S is then obtained from trigonometrical 
tables. Again a = 180° - 6. 

VARIABLE VELO- 
CITY OF TOOL.-The 

velocity of the tool is con- 
tinually changing; for the 
positions <„ t^ of the pin its 
velocity is zero, and is a 
maximum in the cutting 
and return strokes when 
^t Pi, Pi respectively. 

The maximum lelocity 
during the cutting stroke 
may be determined as fol- 
lows : — 

Let n = revolutions of 
driving plate per minute, 
r = radius op in feet, then 
velocity v of pin in feet 
per minute = 2;rr n. 

vxab „ , . , 

feet per minute. 

aPi 

From the notes to Plate XV. it will be seen that the three possible speeds of the shaft are 10'7, 17'14 and 27-43 
revolutions per minute. 

Assuming the shaft makes 10-7 revolutions per minute, then the maximum cutting speed of tool, when the stroke is 9" 
is calculated to be 18'7 feet per minute : where r = 2|", api = 8f" and ab = 13". 

For the same maximum speed of cutting, the rate of rotation must increase as the stroke diminishes. 

[Continued. 
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driving plate. 


per mill. 
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69-75° 


110-25° 


1-58 


10-7 


18-7 
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72-05° 


107-95° 


1-50 


10-7 


17-2 


7 


74-33° 


105-66° 


1-42 


10-7 


15-45 
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76-66° 


103-33° 


1-35 


10-7 


1365 


5 


78-9° 


101-1° 


1-28 


17-14 


18-85 


4 


81-13° 


98-87° 


1-22 


17-14 


15-33 


3 


83-37° 


96-63° 


1-16 


27-43 


19-3 



Scale of Angles Described ev Plate 




caleqf Velocity 



S cale of Distances 



The point on the arm in contact with the pin at p^ has a velocity v, .". velocity of end b = 



PLATE XIY.— Continued. 

TO DETERMINE THE ANGULAR VELOCITY OF THE ARM FOR ANY POSITION OF THE DRIVING PIN 

Let 6 = angle between radius op and arm ab. 

0)^, to„ = angular velocities of arm and radius op respectively. 

V = linear velocity of pin p. 

V V cos 6 (1). V cos 6 a 

0) = — , <»,. = .. — ^ = op cos y 

op ap ci)„ ap =- 



V 

op 



ap 



If og is at right angles to ah and qr parallel to op, then op cos 6 = qp .'. co^ qp or 

(!)„ ~ ap~ oa 

Hence, o a of constant length represents the constant angular velocity of the driving plate, and o r, the instan- 
taneous angular velocity of the arm. 

To a dififerent scale o r represents the linear velocity of the end b of the arm and of the tool. 

The maximum angular velocity during the cutting stroke is not determined by this construction, but geometrically 
as a fourth proportional. ajOi : ao : : op : u^. 

Diagrams of displacement and velocity. 

Through the point b^ draw the line xyz parallel to the centre line ao, and make xy and yz io represent the 
angles 2a and 2^8 respectively. They may conveniently be made equal to the arcs t-^ pi t.^ and t^ p.^ t^ respectively, the arcs 
which those angles subtend. 

Through the points e, b, where x « represents the angle (^, draw lines respectively perpendicular and parallel to the 
line of centres, and make cd = eg -or to represent the linear velocity of b. Then, e/ represents the displacement of the 
tool from its highest position, and e g its velocity when the driving plate has described the angle <^ after the beginning of 
the stroke : also, for the displacement yc [ = «/] the velocity of the tool is represented by cd. 

The loci of the points /, g, d are the displacement curve and the velocity curves on time and distance bases 
respectively. 

The corresponding curves for the return stroke are drawn in a similar manner. 

The scale of velocity can be drawn when the maximum velocity is calculated and the line which represents it 
determined graphically as suggested above. 

The ratio of the mean heights h^, h^ of the velocity diagrams on time bases is equal to the ratio of the angles 
described by the plate during the cutting and return strokes. 



Plate XV.-SLOTTING MACHINE. 



ffif? HE pulley shaft P S is carried at its ends by the frame and the bracket, and is prevented from turning by a screw 
jX passing half through the boss of the bracket and half through the shaft. Turning freely on it is the cone pulley 
t5^ C, to the front plate of which the pinion W2 is keyed. Oil is passed to the sliaft through the two small brass tubes. 
The pulley receives its motion from an equal pulley keyed on the counter-shaft running at 100 revolutions per minute. 
Above the pinion, and gearing with it, is the spur wheel Wi, keyed to the driving shaft D S. On the inner face of 
the wheel is a groove G, so shaped that during a small fraction of a revolution the pin fitting' in it receives a vertical 
motion of f" down and up, and then remains in its highest position until the completion of the revolution. 

By a combination of levers and links this motion effects the feed of the machine table 
in any horizontal direction. In order that the feed may take place before the beginning of a 
new cut, the driving plate must be keyed to the shaft in such a position that the pin receives 
its motion in the interval between the tool leaving and again reaching the work, 

The first feed lever F is centred to a projection on the side of the frame, and in conse- 
quence of its connection with the arm Ai by the rod R, whose ends may be fixed in any positions 
in the slots, the angular motion of the feed shaft F S may be varied from 5° to 30°. 
(1)— Pulley Shaft. SPEED OF PULLEY AND DRIVING SHAFT. 

Maximum speed = 100 x - 
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(2) — Driving Shaft. 

The speed is reduced in the ratio of 1 

AT ■ A 160x12 

Maximum speed = 



Intermediate „ 



Minimum 



70 
100x12 

70 
62-5x12 

^0 



= 160 revolutions per minute. 

= 100 „ , 
= 62-5 „ 

3 to 70 by the wheel gearing. 
= 27*4 revolutions per minute. 

= 1M4 ,, 
10-7 



The table facing Plate XIV. shows what speed is suitable for any pai-ticular stroke. 
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9" STROKE SLOTTING MACHINE. 
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Plate XVIII.-SHAPING MACHINE. 



^K^^ENERAL DESCRIPTION. — The shaping machine, of which detailed drawings are given on Plates XIX. to 
M XXIIL, is made by Messrs. John Hetherington and Sons Ltd., Manchester. It is capable of producing 
horizontal, inclined or cylindrical surfaces not exceeding 10" in length. 

The counter-shaft from which the machine receives its motion is If" diameter, 3'-3" between the bearings, 
and carries fast and loose pulleys 14" diameter, 3 J" wide, and a cone pulley of the same size as that on the driving 
shaft of the machine. 

The bed B, supported on two standards, carries all the fittings of the machine. At the back the pulley shaft dS is 
supported by two arms E, E and connected by a pinion, sliding with the carriage, to the wheel W2 which carries the 
sliding block for actuating the slotted arm s A. 

The wrought-iron rod K connects the arm with the ram R, to which it gives a reciprocating motion across the carriage 
of continually varying velocity with a quick return. The ratio of the times of cutting and returning decreases with 
the stroke, its value being 2 to 1 when the stroke is 10". 

With the counter-shaft making 120 revolutions per minute the number of cutting strokes may be 56 "2, 34-3 
or 20'7 per minute. For constant maximiim and mean cutting speeds the revolutions of the driving pulley must 
be increased as the stroke decreases. , 

The tool box T B is carried on the front end of the ram and constructed so that the tool can be fed in any 
direction in a vertical plane. When the back slide is vertical the feed may be eifected automatically at the end of 
the return stroke. 

The feed screw Si of the carriage carries on one end two ratchet wheels Gi, Gj, the former keyed and the 
latter turning freely on it and in gear with an equal wheel G3 keyed on the worm shaft Si. 

The pawl lever is connected by the link Li to the feed lever whose end fits in an eccentric groove on the 
wheel W4 in gear with W3 on the pulley shaft. With a pawl gearing with q, the carriage is fed across the bed by an 
amount which may be varied from 18"4 to 110 strokes per inch of feed according to the position of the link Li. 

Pieces with cylindrical surfaces to be tooled are held on the circular motion mandril by conical bushes, and 
turned slightly with it at the end of each return stroke ; the mandril carries a worm wheel in gear with a worm 
on the shaft 82- 

For the circular feed the pawl above Ga is turned over, and so the forward intermittent motion of the lever is 
transmitted to G3 on the end of the shaft. 

The connections of the table T to the slide U and the latter to the bed are such that the table can 
be moved both vertically and horizontally. The former adjustment is effected by turning the horizontal screw S3, 
and the latter by means of a bar used in the pinching rack p r. 

The stay x. bolted to the side of the table, is placed under the outer conical buah on the mandril to steady 
the work during cutting. 
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Plate XX -SHAPING MACHINE. 



,f Details of table and slide,— The cast-iron taUeT, carrying the piece to be shaped, is bolted to the 
[(,f^ slide L by four |" bolts held in vertical T slots. The slide L is itself secured to the front of the bed by four bolts. 
These connections enable the table to be moved both vertically and horizontally. For the vertical adjustment 
the four nuts on the bolts in the vertical slots are slackened and motion given to the screw S4 by turning the horizontal shaft 
S3, which is connected with it by the mitre wheels Mi, Ms- The brass nut for the screw is fixed to the plate L as shown in 
the sectional elevation (Fig. 1). The screw is held endways by a yV' pii* passing through the table and fitting in a semi- 
circular groove on the end of the screw. For one revolution of the handle fixed on the square end of the shaft S3 the table 
will be moved vertically through J" — the pitch of the screw. 

To relieve the bolts from cross strain there are, on the vertical faces of the table and slide, parallel projections |" wide 
X J" thick fitting into the slots. 

The table is provided on the top with T slots, and on the sides and front with rectangular bolt holes If" x i|" to 
hold f " clamping bolts. In the latter particular the table shown on this plate differs from that on the perspective 
drawing. 

Fig. 5 shows a sectional plan of the circular motion mandril. It consists of a cast-iron sleeve and a central steel 
spindle. The former has a conical end which turns in a cast-iron bush fixed in the front boss on the bed, and is held 
endways by two wrought-iron circular lock nuts screwed on the small end at the back of the machine. The portion of the 
spindle beyond the support is turned down to |" diameter, screwed, and provided with two cone bushes, one capable of 
adjustment. The spindle may be turned relative to the sleeve by slackening the nut on its end. 

Passing through the piece to be tooled is a drilled hole concentric with the required cylindrical surface, and through 
this the mandril passes. So long as the hole is not more than 2|" diameter the piece will be held truly by the bushes when 
they are pressed tightly against the edges. 

To steady the mandril during the cutting, the large end of the outer bush is supported in the y groove of the stay X 
(Fig. 4), which is bolted to the right-hand side of tiie table by two f" bolts as shown in the general drawing on Plate 
XVIII. 
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Plate XXIII.-SHAPING MACHINE. 



jr^jETAILS OF FEED MOTION AND DRIVING PULLEY.— The power is transmitted to the machine 
Jj^ through the three speed cone pulley on the driving shaft DS connected with an equal pulley on 
the counter-shaft which makes 120 revolutions per minute. To relieve the boss of the pulley from 
strain due to the pull of the belt four webs are cast between it and the rim. 

The three speeds of the shaft are — 

120 X 124 
Maximum ■ " ^^ — ? = 198-6 revolutions per minute. 

7| 

Intermediate... =120 „ „ 

Minimum ^-^^ =72 '5 

12| 

On the other end of the shaft, outside the arm E, is fixed the 2ft. fly wheel, shown on Plate XXL, Fig. 4, 
which ensures more uniform running during the variable speed of cutting. 

The feed gear is designed to effect automatically the feeds of the carriage and the circular motion mandril. 
Carried on the arm E are the feed wheel W4 and the lever F ; and on the end of the screw Si are two wheels Gi 
G2, the former keyed to Si, and the latter turning freely on the long boss of Gi and in gear with an equal wheel 
G3 on the worm shaft Ss- 

The feed pinion W3, gearing with W4, is fixed on the driving shaft. The ratio of the numbers of teeth on 
W3, W4 is the same as that of the driving pinion and wheel Wi, W2 respectively ; i.e., f f = -jf , so that the 
wheel provided with the circular groove for feed makes one revolution per double oscillation of the slotted arm S A. 

The eccentricity of the groove is 1^", and therefore the steel bowl on the end of the oast-iron feed lever 
performs two vertical strokes, each 2J" long, per revolution. The vibrating motion is transmitted to the cast-iron 
bell-crank pawl lever L2 by the link Li whose ends are adjusted in the slots to give the required feed. The 
maximum and minimum angular displacements of L2 are about 80° and 13° respectively. (See diagram below.) 

Since the feed groove is circular the pawl lever will be continually moving, the pawl either moving the 
ratchet wheel forward or slipping over its teeth, and therefore the feed must commence before the end of 
the return stroke and -continue during a portion of the cutting stroke. The best position of W4 relative to 
the driving wheel W2 is determined on the machine itself. Undoubtedly the feed motion would be better if 
a groove of shape similar to that for the slotting machine were used. 

When the feed of the carriage along the bed is required the pawl above the wheel Gi is turned into gear. 

The wheel G3 is keyed to the worm shaft 821 so that when wheel G2 is moved by the pawl the circular 
motion mandril will receive a slight angular displacement, varying in amount from ^f ° to 2f ° depending upon 
tbe position of the link Li. L2 turns freely on Si, and is held in position by a collar pinned to the latter. 

Handles are used on the ends of the screw and shaft for rapid adjustment by hand. 

CALCULATION OF FEED. — The maximum and minimum angles turned through by the pawl lever are 
^ 80° and 13° respectively, 

' \,^ (a) Feed of Carriage. Pitch of screw = J". 

^ ^,^_^ -^-TT— 'Lx\. Maximum = //^ x i = tV' [= '055"] or 18-4 strokes per inch of feed. 

/^ >. ■X-^^----^^^' Minimum = ^% x i = mTr" [ = "009"] or 110 strokes per inch of feed. 

j ^--^^I^T^^^ j 1 )^ (b) Angular Feed of Circular Motion Mandril. — For one revolution of 

V-Xr- -!--4— Y '-'I y^ I Li the shaft the wheel moves through ■gjjth of a revolution, or 12°. 

V^^^^T^^^ .J-^lf i Maximum = //^ x ^\ x ^^ = 2f °. 

V I J^^^°*^~^ f I .' Minimum = ^ x U = U°- 
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Plate XXIV -WORM AND WORM WHEEL. 





Fig.. 
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Fig, 



fWORM and a worm wheel are used to connect two non-intersecting shafts at right angles when the angular velocity 
i^_,_ ratio is large. The worm is simply a short length of screw, with a special form of thread, supported in bearings 
^-^^ so that motion parallel to its axis is not possible. The teeth on the worm wheel, if correctly shaped, are such as 
to have contact with the worm thread along the entire width. Often, however, the teeth are made of uniform section 
across the rim — being merely twisted spur wheel teeth— and then there is only contact between the thread and a tooth at 
a point in the central plane. This defect gives rise to excessive friction and wear in the gearing. 

The sections of the thread and teeth by the central plane on the worm and wheel respectively are the same as for a 
rack and wheel, the latter having the same diameter as the worm wheel. For convenience in turning the worm, the 
involute form of tooth is usually adopted, and then the thread is of triangular section, having an angle of 31° — i.e., 
double the angle of obliquity, 15^° — at the point. The proportions of a tooth are as follows : — 
Thickness of tooth on pitch line, 048 pitch, | Height above pitch line, 0"3 pitch. | Depth below pitch line, 0"4 pitch. 

When drawing the worm the radial or central section is first obtained, 
and then helices of 1" pitch are drawn on the cylindrical surfaces through the 
four points of the section. (See Plate VI., Book I., for method of drawing 
the projection of a screw thread.) The central section of the wheel tooth is 
formed of involutes of the base circle tangential to the path of contact that 
makes an angle of 15J° with the pitch line of the worm. To secure line con- 
tact between the thread and a tooth, any section of the latter must be the envelope of the cor- 
responding thread section, when the pitch circle of the wheel rolls on the pitch line of the worm. 
In the drawing three sections bb, cc, dd, other than the central one, have been taken to determme 
the form of a half tooth. Points on the section of the worm thread are obtained by determining 
the intersections of the helices on the thread with the section plane. Only three helices are 
shown, viz., those through the point, root and pitch point, but on a larger drawing others may 
conveniently be introduced. The best method of determining the envelopes of the thread 
sections is described by Professor Unwin, in his " Elements of Machine Design," and may be 

given as follows : Draw on a sheet of tracing paper the pitch 
circle pp of the wheel, showing clearly the centre o and the 
initial pitch point p. Beginning at p, mark off a number of 
equal lengths along pp on the tracing and pp on the drawing, 
and also on oo, the locus of the centre of o, so that when the 

pitch circle rolls upon the line qq, the points piqi, psqs, 

Psqs will in turn be coincident, whilst the centre o will succes- 
sively have the positions OdOj Og. Start with the tracing 

paper in the position shown in Fig 1, and trace out the thread 
section whose envelope is required. Now move the paper so 
that the points piqi are coincident, and the centre is at Oi, and 
again trace the section. By proceeding so, the several positions 
of the section, with respect to the pitch circle during the 
I driving of the wheel by the worm, will be obtained. (See Fig. 
2.) The tooth section to work with the thread ^ 
in the plane of section is the envelope of these positions when allowance has %, . % ?7~ 

been made for a side clearance of [0'52p - 0'48p = ]0'04p, and a top clear- 
ance as determined from the sectional elevation. 

The sections b,o,d, when reversed are the corresponding ones for the other half tooth. 

If the drawing of the worm is large enough to permit making all the sections on the 
same portion of thread, the tooth sections, when transferred to the drawing paper will be 
those of a single tooth in their exact relative positions. Whether this plan has been adopted 
or not, all the tooth sections must now be drawn on tracing paper (see Fig. 3) as sections of 
one tooth, and placed over the drawing, so that the central section coincides with the same 
section underneath. Then, projecting from the four points of each section the plana of the lines 
of a tooth are obtained. It will be seen that the point thickness at the ends is less than in the 
centre. The section dd is taken to determine the root thickness at the side of the wheel rim, 
and also the better to obtain the projections of the top edges. 

If the worm is single threaded, and the wheel has n teeth, the velocity ratio is 1 : » and 
the theoretical mechanical advantage n. For double and treble threaded worms the velocity 

ratios are 1 :-— and 1 :-g-respectively. 

The efficiency of worm gearing is greater the less the radius of the worm. It varies 
from 0*26, for a single threaded worm when its radius is three times the pitch, to 0'66, when 
the worm has three threads and r = 1 "5 p. That this form of gearing is not very inefi&cient 
when the wheel teeth are correctly out is evident from the following note taken from 
"Engineering," of November 19th, 1897. 

" Professor Strodola, of Zurich, has obtained an efficiency of 87 per cent, when using 
worm gearing to transmit 21 H.P., the worm running at 1,500 revolutions per minute. This 
worm was 3'15in. in diameter, the pitch being 3"2in., and the wheel, which was of gun-metal, 
had 28 teeth." 

A. description of a machine for accurately cutting worm-wheel teeth is given by Mr. 
Gibson in a paper recently read before the Nortb-East Coast Institution of Engineers and Ship- 
builders. This appeared in " Engineering," for April 2nd, 1897. 
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WITH DESCRIPTIVE LETTERPRESS, 

BY 



THOMAS JONES, M.i.Mech.E., 

AND 

T. GILBERT JONES, M.Sc, a. M.i.Mech.E., Assoc.M,Inst,CE., 



Whitworth Scholar. 

WORKING MODELS F&rt ENGlNEERrNG STUDENTS 
Short D- Slide Valve. 

Refer cn c e: 

A. Opens to Sream a. Steaming. 

B, Steam PortfulJij open. /i Ocpandtng 

1 —Short D Slide Valve, for Locomot ve n n« *., c i, . ^ ^ ». 

' D. Opens to Exhaust O Cua^J□nl^g. 

Engine. 



SERIES No. 1 (Revised). 



£. Closes 



2.— Sing^le Acting; Piston VaivCj for 

Steam Hammer. 

3.— Meyer's Variable Cut ofF Valves. 

4.— Long; D and Double Short D 
Valves, as used to shorten the steam 

passages. 




SERIES No. 2. 

5 Short D Slide Valve (Balanced) 

Cylinder fitted with Movable Piston. 

6. — Marine Eng^ine Piston ValvGi with 

Balancing Piston. 

7.- Double Ported Slide Valve, fitted 
with Relief Ring. 

8— Simple Trick Valve. Dlagrana of 
Piston and Crank Positions. 

NOTE.— Various other IVI ode Is In preparation 



The Models are printed on thin Cardboard, the important parts are tinted, and the V.alves are movable so as to 
show their positions when the Piston is at any part of the stroke. The relative positions of Crank Pin and Eccentric 
are clearly shown. 

Series No. 1— ENGINE SLIDE VALVES. Price 1/6 Net. 
Series No. 2— „ „ „ 1/6 



Series 1 & 2— in one Box. 
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2/6 
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Opinions of the Press. 



" The models show to students in a few minutes what would be diflacult 
to learn without them in many hours. They show moreover the sections of 
real valves and not mere illustrative diagrams." — The Engineer. 

" The series constitutes one of the most compact and efQeiently illus- 
trated essays on the operation of the various kinds of slide valves used in 
steam engines that has ever been published. To every engineer in charge of 
a steam, engine who desires to become familiar with the operations of the 
machinery in his charge, we would strongly urge the study of these models. 
To students and teachers of classes in Technical Schools they must prove 
invaluable," — The Practical Engineer. 

"The models are well designed, and in conjunction with the accompany- 
ing letterpress, are calculated to give to students a very clear idea of the 
action of the valves to which they relate." — Engineering. 



"They will assist the student in grasping the geometrical relations 
existing between the various elemeLts in the best known valve gears. They 
are inexpensive and neg,tly executed, and by their production Mr. Jones has 
undertaken a labour which will be appreciated by engineering students." — 
Industries. 

"They will undoubtedly prove of great assistance to the student. We 
hope to see the system extended, so as to deal with more complex valve gears. 
They are exceptionally neat." — 7'he Mechanical IVorld. 

"They are very ingenious. . . The valve portion works backwards 
and forwards in slots, and can be set in various positions for steaming, 
expanding, exhausting, &c., and its connection with the cylinder is visibly 
shown much more completely and intelligibly than by a series of diagrams of 
the various positions." — The Builder. 

" They reflect great credit on the author." — The Colliery Quardian. 



These Models may be obtained from 

The Author, T. Jones, 4, Manley Road, Manchester ; also 

John Heywood, Deansgate, Manchester; 29 & 30, Shoe Lane, Londonj E.G. 

A. G. Thornton, Manufacturer of Drawing Instruments and Materials, St. Mary's' Gate, Manchester. 

The Technical Publishing Co., Ltd., 31, Whitworth Street, Manchester. 

Messrs. Geo. Philip & Son, 32, Fleet Street, London, E.G. 

Messrs. Philip, Son, & Nephew, 45 to 51, South Gastle Street, Liverpool. 

Messrs. Thos. Reed & Go., 184, High Street West, Sunderland. 



Sole Agent for Australia : — 
E. W. Cole, Book Arcade, Melbourne ; 333, George Street, Sydney ; and 67, Rundle Street, Adelaide. 

Price in Australia 1/9 Wet for Series No. 1 or No. 2, 

,) 3/- 5, J, 1 and 2 Combined. 
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SCIENCE SUBJECT I. 



DESCIIIPTIVE GEOMETRY MODELS 



FOR THE USE OF 



Students in Science and Technical Schools and Colleges. 



DESIGNED BY 



IHOMAS JONES, 

GOLD MEDALLIST, 
Member of the Institution of Mechanical Engineers. 



Ho. 1.— 6 Models.) 



1.— Line represented by its projections. 

2.— Line represented by its traces. 

3.— Oblique plane and tlie angle It makes to 

the V.P. 
4.-Oblique plane and tlie angle It makes to 

the H.P. 

5.— The angle contained by two intersecting 
lines. 

6.— The angle contained by two 
intersecting planes. 



DESCRIPTIVE GEOMETRY MODELS No. 5 



~^££r£^fin 



Vertical Pune 




(SERIES No, 2.-6 Models.) 

7.— Oblique plane and its trace on a 2nd V.P. 

8,— Triangle with its plane inclined to the H.P. 

9.— Line represented, its angles to H.P. and 
V.P. being given. 

10. — Two oblique parallel planes at a given 
distance apart 

11 —Line of a given inclination parallel to a 
given plane. 

12.— Given two lines, not In the same plane, 
draw a plane containing one line and 
parallel to the other line. 



PRICE OF EACH SERIES, 1/3 NET. 

WITH DESCRIPTIVE LETTERPRESS. AND 40 PROBLEMS FOR SOLUTION. 

SERIES 1 and 2 IN ONE BOX, PRICE 2/- NET. 



FXTBHilSIEIEr) B~Z~ a?HE _A_XJTBCOR. 



Opinions of the Press. 



'*The clearneas of the explanations, the simplicity of the constructive 
apparatus and the compactness of the arrangements, commend Mr. Jones's 
work to students of solid geometry." — Nature. 

" The models, which are produced at an exceedingly reasonable cost, will 
be of much BeT-vice."— Engineering. 

"We must compliment the author, not only on his happy idea in con- 
nection with the teaching of this subject, but also on the most excellent 
manner in which it is worked oxit. To both teachers and students the models 
will prove invaluable."— TAe Practical Engineer. 

"No teacher or student taking the new Geometry required for the 'D' 
should be without these valuable aids." — The Schoolmaster. 



"This admirable method of actual demonstration to students might 

still further be made of good use Mr. Jones is evidently a teacher 

of real insight and inventive power." — The Electrical Engineer. 

" They are in every way calculated to greatly aid the elementary student 
in mastering the principles of descriptive geometry." — The Mechanical World. 

" Mr. Jones has devised a cheap set of models which clearly present to 
the eye that which is so difficult to conceive in the mind. They are packed in 
a box which can be carried in the pocket." — Science and Art. 

"They are neat and well designed, and admirably calculated to assist 
the student in his efforts to graap the subject." — The Colliery Guardian. 

"^These models should prove useful to students." — Iron. 

" They are a wonderful production at the price, and will serve for many 
purposes as well as more expensive solid models."— T/ie Architect. 



These Models may be obtained from 

The Author, T. Jones, 4, Manley Road, Manchester; also 

John Heywood, Deansgate, Manchester; 29 & 30, Shoe Lane, London, E.G. 

A. G. Thornton, Manufacturer of Drawing Instruments and Materials, St. Mary's Gate, Manchester. 

The Technical Publishing Co., Ltd., 31, Whitworth Street, Manchester. 

Messrs. Geo. Philip & Son, 32, Fleet Street, London, E.G. 

Messrs. Philip, Son, & Nephew, 45 to 51, South Gastle Street, Liverpool. 

Messrs. Thos. Reed & Co., 184, High Street West, Sunderland. 



Sole Agent for Australia: — 
E. W. Cole, Book Arcade, Melbourne ; 333, George Street, Sydney ; and 67, Rundle Street, Adelaide. 

PRICE IN AUSTRALIA 1/6 and 2/6 NET- 



(COPYRIGHT.) 

Practical * Geon^etrg 

NOTES AND aUESTIONS. 

Based on the Syllabus of the Science and Art Department, for the Use of Candidates 

for the Examination in Geometrical Drawing and the Elementary 

Stage of Science Subject I. 

By THOMAS JONES, M.I.Mech.E., 

FIRST CLASS HONOURS AND GOLD MEDALLIST 

ENGINEERING MASTER, THE CENTRAL HIGHER GRADE SCHOOL, MANCHESTER. 

— Px*ice 1/- Net. — 



This Book contains about 600 questions, grouped aeeopding to the Science 
Syllabus, with numerous Diagrams and Explanatory Notes. 



A Selection of questions covering the whole of the Syllabus Is arranged as Exercises to a Course 

of 30 Lessons in Geometrical Drawing and a similar selection for 

Elementary Science Subject I. 



The book will be found useful for ist and and Year's Students in 
as well as for EVENING SCIENCE and ART SCHOOLS. 



ID H u^ -W I 3Sr G- SO-A.LES. 
The set of fowr Cardboard Drawing Scales issued with MACHINE DRA WINQ can be 
obtained separately. The scales are finely divided and lithographed from copper-plate engraving, 
and coTnprise the following scales ; — 

1" = 1 foot; 1V'=1 foot; 2"=1 foot; 3" = 1 foot; 4" = 1 foot; i\" = \ foot; 6"=lfoot; 

8" = 1 foot ; 9" = 1 foot ; full size, one end subdivided into ^" and the other end ^"5". 

Price for the set of 4 Scales 2d. Net ; or ^jQ per doz. Seta. 



THE STUDENT'S CARDBOARD PROTRACTOR. 

These Protraotora are 6" long, divided into degrees from each end, with scale of inches sub- 
divided into yV' ^°d i". They are lithographed from copper-plate engraving. 
Price id. Net, 5d. per doz , or 4/- per sross. 



Any of the above may be obtained from 

The Author, T. Jones, 4, Manley Road, Manchester; also 

John Heywood, Deansgate, Manchester; 29 & 30, Shoe Lane, London, E.G. 

A. G. Thornton, Manufacturer of Drawing Instruments and Materials, St. Mary's Gate. 

Manchester. 
The Technicai, Publishing Co., Ltd., 31, Whitworth Street, Manchester. 
; Messrs. Geo. Philip & Son, 32, Fleet Street, London, E.G. 

Messrs. Philip, Son, & Nephew, 45 to 51, South Castle Street, Liverpool. 
Messrs. Thos. Reed & Co., 184, High Street West, Sunderland. 

Sole Agent for Australia : — 

E. W. Cole, Book Arcalde, Melbourne ; 333, George Street, Sydney ; and 67, Rundle Street, 

Adelaide. 



(COPYRIGHT.) 

MACHINE DRAWING. Book 1. 

FOR ENGINEERING STUDENTS. 

By T. JONES and T. GILBERT JONES. 

Comprising 44 Plates of Machine and Engine Details, and one Coloured Plate 

of Horizontal Engine. 

IFIftlOE 3/- ISTET. 



OPINIONS OF THE PRESS ON BOOK I. 



" . . . , , The present book was designed to take the place of the older specimens of drawings, with the 
intention of placing before the student actual mechanical drawings for copies. This is a step in the right direction, for the 
nearer mechanical drawing, as taught in the technical school, approaches the real thing in the engineer's ofiSce, the better 
it is for the students. Taken as a whole these drawings represent modern practice, and are good examples, . . , The 
authors give much sensible and good advice on the subject of drawing generally." — Nature, 

"This book, quarto size, contains a most judiciously selected series of examples from commencement to finish. The 
plane geometry has for examples its application to drawings of parts of machines ; and the intersections of surfaces of solids, 
and the principles of projection, are taught by reference to common objects of the machine drawing-office. Throughout the 
book the examples are such as perform the double duty of subjects for well-made drawings and for teaching the eye by 
illustrations of good practice. There is nothing in the book the student will have to unlearn in the works later in life. The 
instructions which accompany the drawings contain also many useful practical suggestions, and the book is one of, if not the 
best of its kind." — The Engineer. 

" Most of the drawings are prepared from actual machines The volume should prove 

exceedingly useful to Science Class Students, containing as it does many excellent drawings of machine parts " — 

En^^neerini". 

" It is a real pleasure to turn over the plates and examine the magnificent collection of detail 

drawings, which are thoroughly up to date, and represent best and modern practice The drawings are 

dimensioned with a fulness and clearness which would serve as an admirable object lesson to a good many draughtsmen, 
It is a marvel of thoroughness, finish, and cheapness." — Practical Engineer. 

" This is no mediocre attempt to write up a book on the old lines with the idea of just covering 

the requirements of the Science and Art Examinations We do not remember ever to have seen a set of such 

carefully drawn and neatly executed copies, and at such a small cost. Another good feature is the number of explanatory 
notes which accompany each example " — Mechanical World. 

•' This text book is the outcome of many years' experience gained by practical teachers , They 

have succeeded in producing a work which is not only fully illustrated, but one where the drawings may be used as 

examples for the aspiring draughtsman to imitate It is by far the most complete and thorough manual 

which has come under our notice. A varied series of exercises for the student's own working is added to each section which 
is not the least valuable part of this most thorough text-book." — Schoolmaster. 

"This work is one we have no hesitation in stating should be found in the class-rooms of all colleges where 
engineering is taught as a science . . . . for it stands prominently forward as about the only cheap and practical 
work of its kind." — Machinery, 

IN PREPARATION. BOOK 2. PART 2. 

WORKING DETAILS OF ENGINES AND PUMPS. 



Book I may be obtained from 

The Author, T, Jones, 4, Manley Road, Manchester ; also 

John Heywood, Deansgate, Manchester ; 29 & 30 Shoe Lane, London, E.C. 

A. G. Thornton, Manufacturer of Drawing Instruments and Materials, St. Mary's Gate, Manchester. 

The Technical Publishing Co., Ltd., 31, Whitworth Street, Manchester, 

Messrs. Geo. Philip & Son, 32, Fleet Street, Lohdon, E.C. 

Messrs. Philip, Son, & Nephew, 45 to 51, South Castle Street, Liverpool. 

Messrs, Thos. Reed & Co., 184, High Street West, Sunderland. 

Sole Agent for Australia : — 
E. W. Cole, Book Arcade, Melbourne ; 333, George Street, Sydney ; and 67, Rundle Street, Adelaide, 

PRICE IN AUSTRALIA 4/- NET. 




:s:;?svK.ji.:' ::i6j:s..iw 



